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represented within this group of natural products have provided a valuable resource in the 
continuing search for novel chemical structures that may be of clinical and commercial 
importance. 

The pharmaceutical industry, in particular, has discovered and developed a 
5 large number of secondary metabolites useful in the prevention, amelioration and cure of 
human disease. Secondary metabolites also have provided “lead structures” that can be 
chemically modified to diminish their toxicity and to improve their specificity and 
pharmacokinetic traits. These natural products and their semi-synthetic derivatives have 
found application as antibacterial, antifungal, antiviral, antihelminthic and anticancer 
1 0 agents. Other secondary metabolites have been discovered to have immunosuppressive 
traits and anticholesterolemia properties. 

In light of the importance and proven utility of secondary metabolites, 
extensive environmental screening programs have been established to detect organisms that 
elaborate new and useful natural products. These searches have been extended to the oceans 
1 5 and jungles, and even to the bark of trees, of ever-more remote environmental niches of the 
world. Not surprisingly, many of the organisms detected exhibit unusual and rather 
complex requirements for growth in the laboratory. In addition, historical experience has 
demonstrated that the synthesis of secondary metabolites is very sensitive to environmental 
conditions and is also possibly influenced by one or more, usually unidentified, molecular 
20 signals generated within that environment by the growth of the organism. Accordingly, 
production of a secondary metabolite by a cultured organism has been observed to be 
remarkably and unpredictably sensitive to the composition of the medium within or upon 
which that organism is grown. Furthermore, it has been observed that, even under 
“optimal” laboratory conditions, the level of secondary metabolite produced by a wild-type 
25 organism is usually extremely low. Therefore, there is always a concern that valuable 
molecules may be overlooked simply because the level of production of that secondary 
metabolite did not rise to the threshold level required for its detection. 

Discovery programs, designed to detect and identify novel chemical 
structures elaborated by newly-isolated or newly-constructed organisms, frequently employ 
30 a relatively large number of different growth media to increase the probability that at least 
one will support synthesis of a secondary metabolite having a desired activity. 

Nevertheless, such an approach will fail to detect those secondary metabolites whose 
production level does not reach the threshold of detection. 

In those instances in which a potentially useful metabolite has been detected, 
35 a sufficient amount of that molecule is isolated to evaluate its specificity, selectivity, 
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efficacy, and, possibly its toxicity, in addition to a determination of its chemical structure. 
Production of material for these studies is usually done using the identical isolate and 
growth medium used where the signal was first detected, even though it may not be 
efficient, to insure that the same activity is followed throughout. 

5 If these pilot studies indicate that the secondary metabolite is novel and 

useful per se, or may be valuable as a core structure or lead compound that can be further 
modified chemically or biologically, a development program is initiated to increase the level 
of production of that metabolite. Many approaches, and combinations of approaches have 
been employed, including those relying upon random mutagenesis and screening, directed 
10 screening, molecular biology and genetic engineering. However, although each of these 
methods may ultimately provide genetically superior producers of one or more secondary 
metabolites, that full genetic potential will not be realized unless the growth medium 
supporting production of that metabolite has also been optimized. 

Similar problems and obstacles are presented by alternative methods for the 
1 5 generation of novel compounds, including mutasynthetic, co-synthetic, biotransformation, 
and recombinant DNA procedures. Often, the level of production of the newly generated 
secondary metabolite is extremely low. This is particularly true in those instances involving 
heterologous biosynthetic intermediates that may be only poorly recognized and bound by 
one or more active sites required for the biosynthesis of the final compound. 

20 Methods for enhancing production of secondary metabolites are needed for 

the analysis of newly-discovered and newly-constructed organisms producing these 
molecules to allow the detection of the full spectrum of compounds synthesized by those 
organisms. Similarly, improved methods for the production of identified secondary 
metabolites are required to generate adequate amounts of those compounds to facilitate their 
25 isolation, characterization and evaluation. Moreover, media development is often required 
to realize the genetic potential of an organism producing a secondary metabolite of interest, 
regardless of the method by which the strain was isolated, selected or constructed. 
Furthermore, approaches that increase the level of production of a secondary metabolite are 
needed to minimize the cost of production of these materials on a commercial scale. 

30 Therefore, although there are a number of approaches that have been 

developed and used to improve the production of secondary metabolites, none of these is 
generally applicable to each of these phases: discovery, development and commercial 
production of a secondary metabolite. Accordingly, there is still a need for a 
general ly-applicable method that will increase the level of production of secondary 
35 metabolites of interest. 
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; 3. SUMMARY OF THE INVENTION 

I 

r 

The object of the present invention is to manipulate the composition of the 
cell culture media to obtain an increase in the production of desirable and useful secondary 
5 metabolites. 

The invention provides in one embodiment, a method for increasing the 
production of a secondary metabolite by an organism, comprising culturing the organism in 
a medium comprising an amount of at least one organic additive, which amount is sufficient 
to increase the production of the secondary metabolite. 

Preferably, the method of the invention comprises increasing the production 
of useful metabolites by culturing microbial and plant cells in a culture medium suitable for 
growth containing at least one of the organic additives dimethyl sulfoxide (DMSO), ethanol 
or dimethyl sulfone, the additive being present at a concentration between about 0. 1 % and 
about 10% v/v, preferably between about 0.5 and 7.5% v/v, and more preferably between 
15 about 1 % and about 5% v/v. 

In another embodiment, the invention provides a culture medium for 
production of secondary metabolites by organisms, comprising a nutrient medium capable 
of supporting the growth of the organisms and at least one organic additive at a 
concentration between about 0.1% to about 10% v/v. The preferred organic additives are 
20 dimethyl sulfoxide (DMSO), ethanol and dimethyl sulfone. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a graph showing the variation of the secondary metabolite 
25 tetracenomycin (TCMC) produced by Streptomyces glaucescens grown in TSB medium in 
the presence of various concentrations of DMSO. 

Figure 2 is a graph showing the variation of the secondary metabolite 
chloramphenicol produced by Streptomyces venezuelae grown in soy flour medium in the 
presence of various concentrations of DMSO. 

■*0 Figure 3 is a graph showing the variation of the secondary metabolite 

chloramphenicol produced by Streptomyces venezuelae grown in GNY medium in the 
presence of various concentrations of DMSO. 

Figure 4 is a graph showing the variation of the secondary metabolite 
thiostrepton produced by Streptomyces azureus grown in R5 medium in the presence of 
35 various concentrations of DMSO. 
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Figures 5a and 5b are graphs showing the variation of low molecular weight 
secondary metabolites produced by transformant S 1 OH 1 0 of Streptomyces lividans grown in 
R5 medium containing 25 pg/ml apramycin, in the presence and absence of DMSO, 
respectively. 

5 Figures 6a and 6b are graphs showing the variation of low molecular weight 

secondary metabolites produced by transformant 446-S3-102H4 of Streptomyces lividans 
grown in R5 medium containing 25 pg/ml apramycin, in the absence and presence of 
DMSO, respectively. 

Figures 7a and 7b are graphs showing the variation of low molecular weight 
1 0 secondary metabolites produced by transformant 446-S3-8 1 D3 of Streptomyces lividans 
grown in R5 medium containing 25 pg/ml apramycin, in the absence and presence of 
DMSO, respectively. 

Figure 8 is a graph showing the variation of the secondary metabolite 
tetracenomycin (TCMC) produced by Streptomyces glaucescens grown in TSB medium in 
15 the presence of ethanol (EtOH). 

Figure 9 is a graph showing the variation of the secondary metabolite 
tetracenomycin produced by Streptomyces glaucescens grown in R5 medium in the presence 
of ethanol. 

Figure 10 is a graph showing the variation of the metabolite chloramphenicol 
20 produced by Streptomyces venezuelae grown in GNY medium in the presence of dimethyl 
sulfone. 


5. DISCLOSURE OF THE INVENTION 

25 The present invention relates to an improved process for the production of 

secondary metabolites by cultured organisms. The present invention is directed both to 
methods through which the level of production of a secondary metabolite is increased and to 
methods through which the component profile of secondary metabolites produced by a 
cultured organism is enhanced and diversified. 

30 The method of the invention involves culturing microbial and plant cells in a 

nutrient medium capable of supporting their growth and viability , and adding to the medium 
a sufficient quantity of at least one organic additive to increase the production of secondary 
metabolites of interest. In preferred embodiments of the invention, the organisms are fimgi, 
bacteria, or plants. The culture medium for the organisms is medium which is known to 

35 support the growth and viability of the particular species of organisms. Such media are well 
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known in the art, and several types of media are described in the examples below. Media 
and conditions for growing organisms can be found in Demain A. L. and N.A. Solomon 
(eds.) (1986) Manual o f Industrial Microbiology and Biotechnology . American Society for 
Microbiology, Washington D.C., the disclosure of which is hereby incorporated by 
5 reference. 

The term “organic additive” as used herein includes organic molecules 
having a molecular weight of less than about 250, wherein the organic molecule comprises 
at least one heteroatom selected from the group consisting of sulfur, oxygen and 
combinations thereof. Organic additives of the present invention include, but are not 
1 0 limited to dimethylsulfoxide (DMSO), dimethly sulfone and lower alcohols including 
methanol, ethanol, propanol, isopropanol, butanol, n-butanol, iso-butanol, t-butanol, amyl 
alcohol and iso-amyl alcohol, and combinations thereof. DMSO, which is a natural product 
and exhibits low toxicity, is the preferred additive. In another embodiment of the present 
invention, organic additives include organic molecules having a molecular weight of less 
1 5 than about 250, wherein the organic molecule consists essentially of carbon, hydrogen and 
at least one heteroatom selected from the group consisting of sulfur, oxygen and 
combinations thereof. 

The organic additive is preferably added to the culture of organisms at the 
time of innoculation, but it can be added at any time during the culture period. The 
20 concentration of the organic additive added does not take into account, for example, the 
production of ethanol by an organism synthesizing one or more secondary metabolites. 

As used herein, the phrase “in a nutrient medium” comprises “on a nutrient 

medium” as well; that is, it includes growing one or more organisms on media solidified by 
the inclusion of a solidifying agent, for example, agar or agarose, to produce a “semi-solid” 
25 nutrient medium. 

The invention is applicable to any type of culturing or fermentation system dr 
process, including batch, fed-batch, and continuous fermentation processes. The invention 
may also be applied to processes for the production of one or more secondary metabolites 
using immobilized cells. In addition, the invention may be used to increase the production 
30 of one or more secondary metabolites, or to enhance the component profile and chemical 
diversity of secondary metabolites elaborated by an organism grown on semi-solid media, 
including media comprising, for example, agar or agarose, which may be used as solidifying 
agents. 

The invention may also be used for the production of secondary metabolites 
35 by marine organisms grown in media comprising a relatively high salt content. 
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The optimal concentration of the organic additive in the culture medium will 
depend on several factors, including the nature of the organic additive, the str ain of 
organism being cultured, as well as the particular culture medium used. The optimal 
concentration for a particular organism can easily be determined using assays similar to the 
5 ones outlined herein. However, the optimal concentration will generally be found within the 

range of 0. 1 to 1 0% v/v, and preferably within the range of 0.5 to 7.5% v/v, and most 

preferably within the range of 1.0 to 5% v/v. 

The invention also contemplates a complete culture medium for producing 
secondary metabolites from organisms, wherein the culture medium comprises an organic 
1 0 additive. Preferably, the organic additive is present in the culture medium at concentrations 

ranging from about 0. 1 % to about 10% v/v. Examples of such culture media are provided in 
Section 6. 

The methods and compositions of the invention can be used in conjunction 
with other culture medium additives which promote growth of organisms and production of 
1 5 secondary metabolites. 

The term “organisms,” as used in herein includes, bacteria, fungi and plant 
cells. Bacteria include, but are not limited to the Actinomycetes family and, particularly, 
species of Streptomyces, including but not limited to Streptomyces hygroscopic us, 
Streptomyces halstedii, Streptomyces erythrae (now known as Saccharopolyspora 
20 erythrae), Streptomyces mediterranei, Streptomyces aureofaciens, Streptomyces venezuelae, 
Streptomyces spheroides, Streptomyces cinnamonensis, Streptomyces albus, Streptomyces 
caespitosus, Streptomyces avermitilis, Streptomyces parvulus, Streptomyces antibioticus, 
Streptomyces azureus, Streptomyces griseus, Streptomyces clavuligeris, Streptomyces 
lavendulae, Streptomyces iincolnensis, Streptomyces curacoi, Streptomyces fradiae, 

25 Streptomyces rimosus, Streptomyces peucetius, Streptomyces lividans, Streptomyces sp. 
(ATCC accession number 55656), and Streptomyces roseosporus. 

Non -Streptomyces Actinomycetes include, but are not limited to species of 
Actinomadura, Actinoplanes, Actinosporangium, Actinosynnema, Ampullariella, Chainia, 
Dactylosporangium, Kibdelosporangium (including Kibdelosporangium sp. ATCC 
30 accession number 5377 1 ), Kitasatosporia, Kitasatoa, Microellobosporia, Micromonospora 
(including for example, Micromonospora purpurea, Micromonospora rosaria, 
Micromonospora chalcea, and Micromonospora echinospora), Microtetraspora, Nocardia 
(including Nocardia lactamdurans), Nocardiopsis, Pseudonocar dia, Rhodococcus, 
Saccharomonospora, Saccharopolyspora, Streptoalloteichus, Streptosporangium, 

35 Streptoverticillum, Thermoactinomyces, and Thermomonospora. 
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profile” and the term “complex” are used interchangeably to refer to the mixture of 
secondary metabolites that are co-produced by an organism. 

As used herein, an enhanced component profile refers to a component 
profile, obtained from an organism cultured in the presence of an organic additive, which 
5 has at least one component or peak that was not detected when the organism was cultured in 
the absence of the organic additive. Applicants believe, without being bound to that belief, 
that the new peaks or components disclosed, for example, in Figures 5, 6 and 7 may 
represent an increase in the level of production of one or more secondary metabolites, in the 
presence of the organic additive, which now surpasses the threshold of the detection 
1 0 method employed. Alternatively, Applicants believe, without being bound to that belief, 
that the new peaks or components may be a consequence of the induction of expression of 
one or more genes in the organism, the products of which comprise activities that result in 
the synthesis of secondary metabolites that are not produced in the absence of the organic 
additive. 

1 5 Therefore, an enhanced component profile may comprise an increase in the 

level of one or more peaks or the presence of a previously-undetected peak. Furthermore, 
an enhanced component profile may also be characterized by the absence or diminution of a 
previously-detected peak, especially in those instances in which the molecules represented 
by that peak interfere with the detection or purification of a secondary metabolite of interest. 
20 An enhanced component profile also comprises one exhibiting a combination of more than 
one of these phenomena. 

As used herein, growth of an organism in a culture medium for the 
production of a secondary metabolite includes those processes, known in the art, referred to 
as cosynthesis, mutasynthesis, and biotransformation. It also includes, as demonstrated in 
25 Examples V, VI and VII, the synthesis of secondary metabolites by recombinant organisms. 

Cosynthesis, as used herein, comprises the growth of a plurality of organisms 
in a culture medium whereby at least one secondary metabolite is synthesized. 

Mutasynthesis, as used herein, comprises growth of at least one organism, 
wherein the organism carries a mutation preventing the synthesis of a first secondary 
30 metabolite that its non-mutant parent can synthesize, in a culture medium comprising a 
second metabolite, whereby that second metabolite is modified by the mutant strain. 

Biotransformation, as used herein, comprises the growth of at least one 
organism in a culture medium comprising a metabolite, whereby the metabolite is modified. 
An example of a secondary metabolite produced by biotransformation is disclosed in U.S. 

^ Patent No. 5,468,771 , which discloses the formation of a cholesterol-lowering compound by 
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cultivating Streptomyces cyanus (ATCC 5214) in a culture medium comprising the 
precursor molecule to be modified. A similar procedure is disclosed in U.S. Patent No. 
5,194,377 to Schwartz et al., where the growth medium comprised amino acid analogues 
that were incorporated into the antifungal secondary metabolites produced by 
5 Mycoleptodiscus atromaculans. 

Recombinant processes, as used herein, include the growth of at least one 
recombinant organism in a culture medium for the production of at least one secondary 
metabolite. Recombinant processes comprise those performed with an organism carrying at 
least one gene, which has been modified by or incorporated within the organism using 
10 recombinant DNA tools and methods which are well known to those of ordinary skill in this 
art. Examples of such processes are disclosed in U.S. Patent Nos. 5,843,71 8; 5,830,750; 
5,712,146 and 5,672,491 to Khosla etal, U.S. Patent No. 5,824,485 to Thompson et al., 

U.S. Patent No. 5,783,431 to Peterson et al., U.S. Patent No. 5,882,883 to Egel-Mitani et 
al., U.S. Patent 5,462,862 to Groenen et al., U.S. Patent No. 5,479,912 to Sherman et al., 

15 and U.S. Patent No. 5,710,032 to Piepersberg et al.. 

For example, U. S. Patent Nos. 4,208,403 (reissued as RE 32,333) and 
4,33 1 ,594 (reissued as RE 32,455) which are incorporated herein by reference in their 
entireties, disclose the production, isolation, and identification of A-2 1 978 antibiotic 
complexes by Streptomyces roseosporus, and, in particular the A-2 1 978C complex of 
20 antibiotics. The individual components of the A-2 1 978C complex are cyclic polypeptides 
carrying a fatty acid moiety acylated to the amino terminus of the cyclic polypeptide. 

U. S. Patent Nos. 4,800, 1 57 and 4,885,243, which are incorporated herein by 
reference in their entireties, disclose, respectively, an improved isolate of Streptomyces 
roseosporus, and an improved process for the production of the A-21 978C complex of 
25 antibiotics, including the n-decanoyl derivative of A-21 978C. 

More specifically, the term “daptomycin” refers to the n-decanoyl derivative 
°fA-21978C 0 type antibiotic. “Daptomycin” is synonymous with LY 146032. An 
exemplary process for production of daptomycin is as follows. Streptomyces roseosporus is 
fermented with a feed of n-decanoic acid, as disclosed in United States Patent No. 

30 4,885,243, with the modification that the decanoic acid feed is kept at the lowest levels 
possible without diminishing the overall yield of the fermentation. In a preferred 
embodiment, the residual decanoic acid is maintained at less than 50 parts per million (ppm) 
during aerobic fermentation. In a more preferred embodiment, the residual decanoic acid is 
maintained between one and 20 ppm during the aerobic fermentation. In an even more 
35 preferred embodiment, the residual decanoic acid is maintained at approximately ten ppm 
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during the aerobic fermentation. In a preferred embodiment, the concentration of residual 
decanoic acid is measured throughout the fermentation and the feed level of decanoic acid is 
adjusted to continuously keep the residual decanoic acid levels within the preferred 
parameters. The prior art does not describe the in situ specific and low residual constant 
5 decanoic acid concentration required to achieve optimal expression of daptomycin 
containing lower levels of impurities. 

Therefore, the process disclosed herein will also facilitate the detection and 
isolation, for example, of new secondary metabolites that are structurally related to known 
1 0 chemical entities. Similarly, secondary metabolites may be detected using the methods of 
the present invention, which were not known to be produced by prior art processes. The 
process of the present invention will also facilitate the detection, isolation and 
characterization of novel chemical structures by providing increased production levels and 
enhanced component profiles for secondary metabolites. Mixtures of secondary metabolites 
1 5 comprising new activities or new peaks may be fractionated chromatographically, for 

example by high-performance liquid chromatography (HPLC). Appropriate fractions of the 
profile may be collected, concentrated as necessary and further purified using methods well 
known to those of ordinary skill in the art. These could include a separation step based 
upon the size of the molecule, employing, for example, chromatographic separations on 
20 Sepharose® columns. Determination of the structure of the novel compound isolated would 
be established using data provided by a number of analytical methods that are well known to 
those of ordinary skill in the art. Diode array detectors could be used to obtain concurrent 
absorption spectra for compounds undergoing HPLC separation; liquid chromatographic 
separations can be directly linked to mass-spectral determinations to provide characteristic 
25 molecular fragmentation patterns; and a number of NMR experiments may also be 

performed, as necessary. In combination, these analytical methods may be applied to novel 
secondary metabolites, which have been provided in greater quantity than heretofore 
possible by the present production process, to establish their chemical structure. 

The methods of the present invention can be applied to those discovery 
30 approaches in which newly-discovered or newly-constructed organisms are grown in or on a 
number of different media, assembled empirically over time, such that at least one set of 
conditions will be suitable for the synthesis of secondary metabolites at a detectable level. 

In these approaches, testing of each organism will result in the generation of a 
correspondingly large set of samples to be examined for compounds exhibiting useful 
35 properties. Each of these samples is then tested in a wide array of activity screens 
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employing a number of assays of varying degrees of sensitivity and specificity, generating a 
signal where the material examined has a desired trait. Therefore, supplementation of the 
media used, whether it be liquid and semi-solid, with the organic additives disclosed herein 
is expected to increase the level of production of secondary metabolites and to enhance the 
5 component profile of those secondaiy metabolites elaborated by the organisms screened in 
these discovery programs. 

High-throughput screens can be designed within which a population of 
organisms, which may include newly-isolated or newly-constructed strains, are distributed 
onto semi-solid media or into individual wells containing growth media. Subsequently, 

10 secondary metabolites produced under these conditions are screened for biological activity 
by sampling the growth media surrounding the colony. Alternatively, for example, an 
indicator organism may be overlaid onto the semi-solid medium upon or within which the 
secondary-metabolite-producing organisms are growing. The indicator may simply be an 
organism sensitive to an antibiotic produced as a secondary metabolite or the indicator can 
15 be an organism that will generate, or has been genetically engineered to generate, a 

detectable signal in the presence of a compound having a desired activity. Examples of the 
latter include indicator strains, isolated or constructed, which will generate a detectable 
signal in the presence of an agonist or an antagonist of receptor binding. Such systems are 
only limited by the imagination and creativity of the investigator and many examples are 
20 known to those of ordinary skill in the art. Non-limiting examples of screening methods are 
found in the following representative patents: U.S. Patent Nos. 5,780,294 to Siehl etal., 
5,914,323 to Mundy et al., 5,948,612 to Bascomb et al., and publications: Stockwell et al. 
(1999) Chem Biol 6(2): 71-83; Kunkel et al.(\997) Anticancer Drug Res 12(8): 659-670; 
Shawar et al (1997) Antimicrob Agents Chemother 41.(3): 570-574; Wu et al. (1997) Anal 
25 Biochem 245(2): 226-230; Slack et al. (1989) Biotechniques 7(10): 1 132-1 138; Bartus et al 
( 1 984) Antimicrob Agents Chemother 25(5): 622-625. 

Application of the methods of the present invention, supplementing the 
media employed with one or more of the organic additives disclosed, is expected to increase 
the probability of detecting interesting secondary metabolites both by increasing the level of 
30 production thereof, and by enhancing the component profile of secondary metabolites 
elaborated by the population of producing organisms examined. 

Similarly, the methods of the present invention can be applied to those 
processes initiated once a potentially-useful molecule has been detected, and a sufficient 
amount of that compound is to be produced to verify preliminary activity data, to provide a 
35 preliminary evaluation of the compound, and to permit a determination of its structure. The 
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amount of material required for these pilot and range-finding experiments is often 
considerable, when compared to the level of production of the secondary metabolite by the 
organism, and can create a serious impediment to development of a secondary metabolite. 
Accordingly, supplementation of the growth media with one or more organic additives is 
5 expected to facilitate such work by increasing the level of production of the secondary 
metabolite of interest or by inducing the production of that metabolite. 

When justified by the results of pilot testing, the level of production of a 
secondary metabolite of interest can be improved by carrying out a coordinated development 
program involving both medium optimization and strain improvement. In these instances, 

10 the level of production of a secondary metabolite by an organism can be improved using, for 
example, empirical methods, directed procedures, molecular biology, genetic engineering, 
and combinations of these methods in one or more stages of overall process improvement. 

Empirical procedures for improving the production of secondary metabolites 
were developed, historically, and generally rely upon random mutagenesis of the producing 
15 organism coupled with, essentially, trial-and-error media development. This approach 
requires little information concerning the organism, the biosynthetic pathway involved or 
even the structure of the secondary metabolite of interest. However, considerable labor and 
time may be required since large numbers of candidate strains must be evaluated to find 
those isolates that are, in fact, stable derivatives that are significantly improved producers of 
20 the secondary metabolite. Multiple rounds of mutagenesis and screening, which may be 
automated, are frequently necessary to develop a useful strain. Even with a demonstrably 
improved strain, media development must still be carried out to optimize production of the 
secondary metabolite. One of the liabilities of this approach is that it is very inflexible. The 
ultimate process developed, comprising the multiply-mutated strain and the corresponding 
25 medium optimized for production of the secondary metabolite of interest by that strain, is 
not generally applicable to a process for the production of any other secondary metabolite. 
However, incorporation of the methods of the present invention is expected to provide an 
increase in the level of production of at least one secondary metabolite in the production 
process developed in this manner. 

30 More directed methods have been developed and applied in those instances 

where the structure of the secondary metabolite has been established and the biosynthetic 
pathway for its synthesis has been experimentally determined or is reasonably apparent. 
Occasionally, it has been possible to isolate mutants that are resistant to a metabolic 
inhibitor and consequently overproduce, for example, an amino acid that fortuitously, is the 
35 rate limiting substrate for synthesis of the secondary metabolite of interest. Such 
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approaches are effective within the limited number of instances in which they apply. 
Nevertheless, media development must still be carried out to optimize production of the 
secondary metabolite by the mutants isolated in this manner. In addition, information 
concerning the structure and biosynthetic process for the secondary metabolite must be 
5 available to enable the effective use of this approach. The level of production of a strain 
selected in this manner will, nevertheless, be strongly influenced by, if not determined by, 
the growth medium used for the production of the secondary metabolite. Accordingly, 
supplementation of that medium with one or more organic additives is expected to increase 
the level of production of that secondary metabolite. 

A second directed approach can be employed if the secondary metabolite has 
antimicrobial activity or if an indicator organism has been isolated or constructed, which 
will provide a detectable signal in the presence of a desired secondary metabolite. Improved 
producers of that secondary metabolite may readily be identified from within a larger 
population grown on an agar medium by overlaying the producing colonies with a sensitive 
1 5 indicator organism. This method for improved production of a secondary metabolite is 
limited to those having antibiotic activity or those for which a signal-generating indicator 
organism is available; this approach also relies upon the availability of a suitable growth 
medium. Again, application of the methods of the present invention is expected to increase 
the level of expression of the secondary metabolite produced as well as to enhance the 
20 component profile of the secondary metabolites synthesized under these conditions. 

More recent information concerning the molecular biology underlying the 
synthesis of secondary metabolites may be useful for developing processes leading to the 
improved production of secondary metabolites. For example, it has been discovered that 
diffusible, low-molecular weight molecules are involved in the regulation of secondary 
25 metabolism. One such molecule, designated A-factor, which is a gamma-butyrolactone 
derivative, binds to a specific receptor protein in Streptomyces griseus and triggers the 
expression of streptomycin biosynthetic pathway. Although the existence of A-factor 
homologues in a number of Streptomyces species suggests that gamma-butyrolactone 
derivatives and analogues may serve as autoregulatoiy, chemical signaling agents, these 
30 molecules do not appear to be generally recognized by other producers of secondary 

metabolites. Therefore, the identification and characterization of such a regulatory molecule 
involved in the synthesis of a secondary metabolite by one organism, will not be useful for 
enhancing the production of a different secondary metabolite by another, heterologous 
organism. However, in those instances where a signaling molecule has been identified and 
35 can be used to influence the production of a secondary metabolite, application of the 
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methods of this invention is expected to provide a further increase in the ultimate level of 
the secondary nietabolite produced. 

Second-site mutations have, in some instances, been shown to affect the level 
of synthesis of antibiotics. Shima et al. have demonstrated that specific 
5 streptomycin-resistant mutants of S. lividans (those leading to the substitution of glutamic 
acid or arginine for the lysine normally found at amino acid residue 88 of ribosomal protein 
S 12) are markedly better producers of actinorhodin (Shima et al. (1996) J. Bacteriol. 
178:7276-7284). These observations have been extended to include other examples of the 
acquisition of streptomycin resistance resulting in increased production of a secondary 
1 0 metabolite, including the production of fredericamycin by Streptomyces chattanoogensis, 
actinomycin by Streptomyces antibioticus, formycin by Streptomyces lavendulae, 
nucleoside antibiotic FR 900493 by Bacillus cereus, and pyrrolnitriin by Pseudomonas 
pyrrocinia (Hosoya et al. ( 1 998) J. Bacteriol 42: 2041 -47). 

Genetic engineering has also been shown to provide a basis for the precise 
1 5 and effective construction of strains that are genetically capable of producing improved 
levels of secondary metabolites. In one example, disruption of a negative regulator of 
antibiotic biosynthesis, absA, resulted the hyperproduction of actinorhodin and 
undecylprodigiosin, two of the secondary metabolites produced by the host strain, 
Streptomyces coelicolor. ( D.J. Aceti and W.C. Champness, (1998) J. Bacteriol. 180 (12): 

20 3 1 00-3106.) Similarly, overexpression of a positive regulatory element, ccaR, via genetic 
engineering, resulted in a two- to three-fold increase in the production of cephamycin and 
clavulanic acid, two of the secondary metabolites synthesized by Streptomyces clavuligerus. 
(F.J. Perez-Larena, P. Liras, A. Rodriguez-Garcia and J.F. Martin (1997) J Bacteriol. .179 
(6): 2053-2059). 

25 However, the application of genetic engineering to the overproduction of a 

secondary metabolite requires detailed knowledge of the structure, and sequence of the 
regulatory genetic elements, as well as the mechanism through which these elements control 
expression of biosynthetic genes involved in the production of the secondary metabolite of 
interest. Such approaches also rely upon relatively idiosyncratic methods and tools for the 
30 manipulation of genetic information within each producing organism. Consequently, 
genetic engineering approaches that improve the production of a secondary metabolite are 
precise and effective, but they depend upon the preliminary acquisition of a substantial 
amount of information and the improvements are applicable only to that organism or to the 
specific pathway that has been manipulated. 
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Nevertheless, media development will still be required in order to realize the 
biosynthetic potential of the genetically-engineered organism constructed for the synthesis 
of a given secondary metabolite. Again, application of the methods of the present invention 
is expected to increase the level of production and enhance the component profile of 
5 genetically engineered producers of secondary metabolites. 

It is known that various species of the bacterial genus Streptomyces produce 
useful antibiotics such as chloramphenical, daptomycin, tetracenomycin, and thiostrepton, 
and other secondary metabolites. In addition to antibiotics, organisms produce other 
secondary metabolites which are industrially useful, including bacterial and fungal 
1 0 secondary metabolites that are therapeutically useful in human conditions such as 

cardiovascular disease inflammatory arthritis, cancer and neurological disorders. Others 
have been identified as being useful as pesticides and herbicides. It is expected that the 
invention can be applied to the production of a wide range of secondary metabolites. In 
particular, the invention can be applied to microbial production of the group of compounds 
1 5 known as taxanes, of which the compound taxol is representative (U.S. Patent Nos. 
5,861,302 and 5,322,779). 

In another embodiment, the present invention provides improved methods 
for the production of secondary metabolites by Streptomyces roseosporus, especially the 
A-21978C complex of antibiotics, and even more particularly the n-decanoyl derivative of 
20 the A-21978C “peptide core” that has been named daptomycin.. 

The invention also provides a method for improving the production level of a 
secondary metabolite of Streptomyces roseosporus , comprising culturing Streptomyces 
roseosporus in a nutrient medium, in which Streptomyces roseosporus synthesizes an 
amount of at least one secondary metabolite, and wherein the nutrient medium comprises an 
25 amount of at least one organic additive sufficient to increase the production level of the 
secondary metabolite relative to that in the absence of at least one organic additive. 

In another embodiment, the invention provides a method for improving the 
production level of a secondary metabolite of Streptomyces roseosporus, comprising 
culturing Streptomyces roseosporus in a nutrient medium, in which Streptomyces 
30 roseosporus synthesizes an amount of the secondary metabolite daptomycin, and wherein 
the nutrient medium comprises an amount of at least one organic additive sufficient to 
increase the production level of daptomycin relative to that in the absence of the at least one 
organic additive. 

In a further embodiment, the present invention provides a method for 
35 enhancing the component profile of secondary metabolites produced by Streptomyces 
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roseosporus, comprising culturing Streptomyces roseosporus in a nutrient medium, in 

which Streptomyces roseosporus elaborates a component profile of secondary metabolites, 
wherein the nutrient medium comprises an amount of at least one organic additive sufficient 
to enhance the component profile of secondary metabolites produced by Streptomyces 
5 roseosporus relative to that in the absence of the at least one organic additive. 

In a still further embodiment, the present invention provides a method for 
enhancing the component profile of secondary metabolites produced by Streptomyces 
roseosporus, comprising culturing Streptomyces roseosporus in a nutrient medium, in 
which Streptomyces roseosporus elaborates components of the A-21978C complex of 
1 0 secondary metabolites, wherein the nutrient medium comprises an amount of at least one 
organic additive sufficient to enhance the component profile of A-21978C complex of 
secondary metabolites produced by Streptomyces roseosporus relative to that in the absence 
of the at least one organic additive. 

In a further embodiment, the invention provides a method for identifying a 
1 5 novel secondary metabolite, comprising culturing Streptomyces roseosporus in a nutrient 
medium, wherein the nutrient medium comprises an amount of at least one organic additive 
sufficient to enhance the component profile of secondary metabolites produced by 
Streptomyces roseosporus, and in which, at least on novel secondary metabolite is identified 
in the component profile of secondary metabolites produced by Streptomyces roseosporus, 
20 relative to that in the absence of the at least one organic additive. 

The invention and its use are illustrated* but not limited, by the following 

examples. 

6. EXAMPLES 

25 Methodology used in the Examples 1-12 

The effects of the organic additives, DMSO, ethanol and dimethyl sulfone, 
on the production of secondary metabolites in Streptomyces were demonstrated as described 
below in Examples 1-12. 

Spore suspensions of the various species of Streptomyces (~ 1-2 x 10 8 cfu/ml) 

30 used in the present invention were obtained as follows. The bacteria were initially grown on 
ISP (Difco) agar plates until sporulation. The plate surface was then washed with sterile 
water to harvest the spores. The spore solution was mixed with an equal volume of 50% 
glycerol and stored as frozen stocks. The frozen spore stocks, which were titered to 
establish the viable count, were used as inoculum in the following examples. 
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The general culturing conditions for the Streptomyces species were as 
follows. Culture medium was first inoculated with the spore suspension and mixed 
thoroughly. Ten ml of the inoculated culture medium were added to 50 ml test tubes and 
the cells were grown aerobically at 30°C in the absence or presence of either DMSO, 

5 ethanol or dimethyl sulfone. 

Analysis of the secondary metabolites produced in the cultures was estimated 
as follows. At various times during the fermentation, generally after five to seven days, 1 
ml of the spent medium with cells was transferred to a 2 ml microfuge tube for extraction. 
An equal amount of organic extraction solvent was added to the microfuge tube and the tube 
10 was horizontally shaken for 30 min. The microfuge tube was centrifuged at 14,000 rpm for 
5 minutes at which time 0.75 ml of the organic fraction was transferred to a new 2 ml 
microfuge tube, dried in an evacuated centrifuge with medium heat, approximately 40°C, 
then analyzed using a Beckman System Gold HPLC with a reverse Cl 8 column. 

Cell biomass for each culture of the various Streptomyces species was 
15 determined as follows. The remaining spent medium with cells was centrifuged at 
4,000 rpm for 1 0 minutes. The supernatant was discarded and the remaining pellet was 
resuspended in 40 ml of distilled water. The cell suspension was centrifuged again. The 
cells were resuspended in distilled water and harvested by filtering the cell suspension 
through Whatman #1 filter paper. The filter paper with cells was then baked in an oven at 
20 80°C overnight and the dry biomass weighed. 

6.1 Example 1: Streptomyces glaucescens 

Cells of the wild type strain of Streptomyces glaucescens were grown in 
25 Tryptic Soy Broth (TSB) of the following composition: 


Bacto tryptone 

17 g /L 

Bacto soytone 

13.0 g/L 

Bacto dextrose 

2.5 g/L 

NaCl 

5 g/L 

k 2 hpo 4 

2.5 g/L 

Water 

to 1 L 
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Culturing and extraction procedures were as outlined above except that 10 pi 
of 1 M KH 2 P0 4 was added to each 1 ml of culture sample prior to extraction with the 
solvent ethyl acetate (HPLC grade). The effect of 1, 3 and 5 % (v/v) DMSO on the 
production of tetracenomycin was analyzed using HPLC. Analytical work was done using a 
5 Beckman System Gold HPLC with a reverse C (g column (4.5 x 1 50 mm.) using a gradient 
of HjO and CH 3 CN from 10:90 to 80:20 within 20 minutes. Authentic standards of 
tetracenomycin were also chromatographed for comparison. 

Figure 1 shows that tetracenomycin production was highest when 3 % v/v 
DMSO was added. Tetracenomycin production was increased 4.6-fold as compared to 
1 0 control cultures, where no DMSO was added. 

6.2 Example II; Streptomvces venezuelae 

Cells of Streptomyces venezuelae strain ATCC 10712 were grown in soy 
1 5 flour medium of the following composition: 


Glucose 

20 g /L 

Soybean meal 

20 g/L 

Yeast extract 

1 g/L 

CaCOj 

2 g/L 

Water 

to 1 L 


Cells were cultured as outlined above and the 1 ml culture samples were 
25 extracted with an equal volume of the solvent ethyl acetate (HPLC grade). The effect of 1 , 
3 and 5 % (v/v) DMSO on the production of chloramphenicol was analyzed with HPLC 
using a zorbax SB C lg rapid column (4.5 x 15 mm.) using a gradient of H 2 0 and CH 3 CN 
form 80:20 to 0:100 within 5 minutes (lml/min). Authentic standards of chloramphenicol 
were also chromatographed for comparison. 

Figure 2 shows that chloramphenicol production was highest when 3 % v/v 
DMSO was added and production started to decline at 5 % v/v DMSO. 

6.3 Example 111: Streptomyces Venezuelan 
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Cells of the wild type strain of Streptomyces venezuelae were grown in GNY 
medium of the following composition: 


Glycerol 20 ml/L 

Nutrient broth 8 g/L 

Yeast extract 3 g/L 

K 2 HP0 4 5 g/L 

Water to 1 L 


Cells were cultured as outlined above and the 1 ml culture samples were 
extracted with an equal volume of the solvent ethyl acetate (HPLC grade). The effect of 1 , 
3 and 5 % (v/v) DMSO on the production of chloramphenicol was analyzed with HPLC 
using the same method outlined above. Authentic standards of chloramphenicol were also 
chromatographed for comparison. 

Figure 3 shows that chloramphenicol production continued to rise even at 5 
% v/v DMSO. At that concentration, chloramphenicol production had increased about 
10-fold. 


6.4 Example IV: Streptomyces azureus 

20 


Cells of Streptomyces azureus strain ATCC 14921 were grown in R5 medium 
of the following composition: 


Sucrose 

103 g/L 

k 2 so 4 

0.25 g/L 

MgClj »6H 2 0 

10.12 g/L 

Glucose 

10 g/L 

Casamino acids 

40.1 g/L 

Yeast extract 

5 g/L 

TES 

5.73 g/L 

KH 2 P0 4 (0.5%) 

10 ml 

CaCl 2 .2H 2 0 (5M) 

4 ml 

L-proline (20%) 

15 ml 

NaOH (IN) 

7 ml 


35 
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ZnCl 2 

FeClj • 6H 2 0 
CuC 1 2 » 2H 2 0 
MnCl 2 *4H 2 0 
Na 2 B 4 O 7 «10H 2 O 
(NH 4 ) 6 Mo 7 0 24 • 4H 2 0 
Water 


80 |ig/L 
400 ng/L 
20 |ig/L 
20 pg/L 
20 |ig/L 
20 pg/L 
to 1 L 


10 


Cells were cultured as outlined above and the 1 ml culture samples were extracted 
with an equal volume of the solvent chloroform (HPLC grade). The effect of 1 , 3 and 5 % 
(v/v) DMSO on the production of thiostrepton was analyzed with HPLC using a C g reverse 
phase column (Beckman, ultrasphere Octyl, 4.5 x 150 mm) with an isocratic mobile phase 
ofH 2 0-THF-CHjOH (2:2:1) and monitored at 245 nm. Authentic standards of thiostrepton 
were also chromatographed for comparison. 

Figure 4 shows that at 1, 3 and 5 % v/v DMSO the production of thiostrepton almost 
doubled. 


20 


25 


30 


35 


6-5 Example V: Recombinant S!£SB!Q0!X££1 lividans clone SI OHIO 

Clone SI OH 10, contained in a Streptomyces lividans host, is a shuttle vector 
containing a DNA insert derived from a genomic DNA library, which was made from DNA 
fragments of approximately 1 3 Kb from a mixture of previously unknown soil isolates of 
Streptomyces. This clone was examined to ascertain the effect of organic additives on the 
component profile of secondary metabolites produced by a host Streptomyces containing 
exogenous genetic material. 

Clone SI OHIO was generated using the shuttle vector plasmid pWHM601 . Plasmid 
pWHM601 was digested with BamHI followed by dephosphoiylation with shrimp alkaline 
phosphotase using standard protocols. Insert DNA with a fragment size of 1 3 Kb was 
prepared from partially Sau3AI-digested genomic DNA mixture of ten unknown soil 
Streptomyces isolates 73B, 77D, 830, 85D, 871, 88A, 91E, 93A, 1 15C and 1 18B. The 13 
Kb fragments were then ligated to the dephosphoylated plasmid at a ratio of 1 :3 using T4 
DNA ligase, and directly transformed into the host Streptomyces lividans TK23 by 
protoplast transformation. The transformed protoplasts were spread on R5 agar plates and. 
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after a 24 hour putgrowth period, were overlaid with a concentrated solution of apramycin, 
yielding a final concentration of 50 pg apramycin/ml. 

Cells of clone SI OH 10 were cultured in R5 medium containing 25 pg/ml apramycin 
in the presence and absence of 3% DMSO. One ml samples were extracted using an equal 
5 volume of ethyl acetate and subjected to HPLC analysis. 

Figure 5b shows the HPLC profile of the low molecular weight metabolites 
produced by clone SI OH 10 in the absence of DMSO. Figure 5a shows the HPLC profile 
when 3% DMSO was added to the culture medium. A comparison of the two profiles 
shows that DMSO is effective in enhancing the component profile of secondary metabolites 
10 of clone S10H10. 



Clone 446-S3-8 1 D3 is a recombinant consisting of a cosmid vector containing a 
1 5 DNA fragment derived from an environmental DNA sample. The clone was generated 
using the shuttle cosmid vector pOJ446. The vector was linearized by digestion with Hpal 
and dephosphorylated with alkaline phosphatase using standard protocols. The linearized 
vector was further digested with BamHI. Insert DNA with a fractionation size ranging from 
23 to 40 Kb was prepared by partial Sau3AI digestion of DNA directly extracted from 
20 forestry soil. A cosmid library was generated by ligating the vector to the insert DNA at a 
ratio of 1 : 1 using T4 DNA ligase, and packaging in vitro using a Gigapack III Gold 
Packaging Extract kit. The library was first amplified using Escherichia coli XL 1 Blue MR 
as a primary host. Cosmids with insert DNA were then extracted and transferred to the 
expression host Streptomyces lividans TK23 by protoplast transformation. Transformants 
25 were selected by growing them on R5 agar plates containing 25 pg apramycin/ml. 

Cells of clone 446-S3-8 1 D3 were cultured in R5 medium contai ning 25 pg 
apramycin/ml in the presence and absence of various concentrations DMSO. One ml 
samples were extracted using an equal volume of ethyl acetate and subjected to HPLC 
analysis. 

30 Figure 6a shows the HPLC profile of the low molecular weight metabolites 

produced by clone 446-S3-8 1 D3 in the absence of DMSO. Figure 6b shows the HPLC 
profile when 2% DMSO was added to the culture medium. A comparison of the two 
profiles shows that DMSO effectively increased the production of many of the secondary 
metabolites that are produced when the 446-S3-8 1 D3 cells are grown in the absence of 

- 22 - 
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DMSO. The component profile obtained demonstrates that the concentration of some 

metabolites has 'increased by as much as six-fold. 

6.7 Example VII: Recombinant Streptomvces lividans Clone 446-53-102H4 
5 

Clone 446-53- 102H4 was generated as described in Example VI. Cells of clone 
446-53- 102H4 were cultured in R5 medium containing 25 pg/ml apramycin in the presence 
and absence of 2% DMSO. One ml samples were extracted using an equal volume of ethyl 
acetate and subjected to HPLC analysis. 

1 0 Figure 7a shows the HPLC profile of the low molecular weight metabolites produced 

by clone 446-53-102H4 in the absence of DMSO. Figure 7b shows the HPLC profile when 
2% DMSO was added to the culture medium. A comparison of the two profiles shows that 
DMSO effectively increased the production of many of the secondary metabolites that are 
produced when the 446-S3-1 02H4 cells are grown in the absence of DMSO. The data 
1 5 obtained indicate that the concentration of some metabolites has increased more than 
ten-fold when the cells are grown in the presence of DMSO. 

6.8 Example VIII: Streptomvces elaucescens 

20 Cells of the wild type strain of Streptomyces glaucescens were grown in Tryptic Soy 

Broth (TSB) which composition is recited in Example I. Culturing and extraction 
procedures were as outlined above except that 10 pi of 1 M KH 2 PO< was added to each 1 ml 
of culture sample prior to extraction with the solvent ethyl acetate (HPLC grade). The effect 
of 1, 3 and 5 % (v/v) ethanol on the production of tetracenomycin was analyzed using 
25 HPLC. Authentic standards of tetracenomycin were also chromatographed for comparison. 

Figure 8 shows that tetracenomycin production was highest when 3 % v/v ethanol 
was added. However, there was only a 1.5 fold increase in tetracenomycin (TCMC) 
production as compared to the almost five-fold increase in tetracenomycin observed when 
3 % v/v DMSO was added to cultures of Streptomyces glaucescens. 

30 

6.9 Example IX: Streptomyces glaucescens 

Cells of the wild type strain of Streptomyces glaucescens were grown in R5 medium, 
the composition of which is recited in Example IV. Culturing and extraction procedures 
35 were as outlined above except that 10 pi of 1 M KH2PO4 was added to each 1 ml of culture 




WO 01/73096 PCT/US01/40398 

sample prior to extraction with the solvent ethyl acetate (HPLC grade). The effect of 1, 3 
and 5 % (v/v) ethanol on the production of tetracenomycin was analyzed using HPLC. 
Authentic standards of tetracenomycin were also chromatographed for comparison. 

Figure 9 shows that tetracenomycin production was highest when 3% v/v ethanol 
5 was added, resulting in a 1 .6-fold increase in the production of tetracenomycin. 

6.10 Example X: Streptomvces venezuelae 

Streptomyces venezuelae cells were cultured in GNY medium with 1 , 3, and 5% 
10 dimethyl sulfone (w/v) and analyzed as described in Example III. Figure 10 shows that 
production of chloramphenicol was almost doubled at 1% dimethyl sulfone. 

6.11 Example XI; Taxomvces andreanae 


15 


20 


25 


30 


35 


Cells of Taxomyces andreanae are grown as described in U.S. Patent Nos. 

5,322,779 and 5,861,302, which are incorporated herein in their entirety, in Taxol Microbial 
Culture Medium of the following composition: 


Glucose 

lg/1 

Fructose 

3 g/1 

Sucrose 

6 g/1 

KHPO<-KH 2 PO, 

1 ml of 1M pH 6.8 

MgSO« 

0.36 g/1 

Ca(N0 3 ) 2 H 2 0 

0.65 g/1 

Yeast extract 

0.5 g/1 

Ca(NOj) 2 

1.0 mg/1 

ZnSO« 

2.5 g/1 

MnCl 2 

0.5 g/1 

FeC 2 

2.0 g/1 

Leucine 

0.1 mM 

Phenylalanine 

0.01 mM 

NaAc 

1 mM 

Water 

up to 11 
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Incubation of the fungus is carried out at 25 °C, without agitation, under still 
conditions for 3 weeks. At the end of the incubation period, the spent medium is decanted 
and the mycelium is thoroughly ground at maximum speed in a Sorvall Omnimixer for 30 
seconds. An equal volume of chloroform-methanol solution (10:1 v/v) is added to the 
5 medium and ground mycelium, and then the chloroform layer is removed. A sample of the 
chloroform layer is dried and subjected to chromatography on silica gel plates. Authentic 
standards of taxol are also chromatographed for comparison. 

To increase the amount of taxol produced, at least one organic additive, preferably 
DMSO, ethanol or dimethyl sulfone, is added to the culture medium. The concentration of 
10 the organic additives in the culture medium is in the range of about 0.1 to about 10% v/v. 

6-12 Example XII: Streptomvces roseosporus 

Cells of Streptomyces roseosporus are grown in a soy flour medium of the following 
15 composition: 


Glucose 

20 g/L 

Soybean meal 

20 g/L 

Yeast extract 

1 g/L 

Molasses 

5 g/L 

CaC0 3 

2 g/L 

Water 

to 1 L 


Spore suspensions of the Streptomyces roseosporus (-1-2x10® cfu/ml) are 
obtained as follows. The bacteria are initially grown on ISP (Difco) agar plates until 
sporulation. The plate surface is then washed with sterile water to harvest the spores. The 
spore solution is mixed with an equal volume of 50% glycerol and stored as frozen stocks. 
The frozen spore stocks, which are titered to establish the viable count, are used as 
^ inoculum in the following example. 

The frozen spore stocks are used to inoculate the fermentation medium 
directly. Alternatively the spore stock are used to inoculate 10 ml. of a seed medium, eg. 
Tryptic Soy Broth (TSB) that is incubated with shaking for 24 to 48 hrs. at 30° C. 

The culturing conditions for the Streptomyces roseosporus species are as 
follows. Culture medium, generally 25 ml. of soy flour-molasses medium in a 250 ml. 



WO 01/73096 


PCT/US01/40398 


I 

i 

baffled flask is inoculated with the spore suspension or with a seed culture (generally 1 ml) 
and mixed thoroughly. The cells are grown aerobically at 30°C in the absence or presence 
of either DMSO, for seven days. 

Analysis of the secondary metabolites produced in the cultures is estimated 
5 as follows. At various times during the fermentation, generally after five to seven days, 
aliquots of the fermentation are removed and centrifuged, for example, at 5000 rpm in a 
bench-top centrifuge, using sufficient force to pellet the cells. Samples of the supernatant 
are analyzed directly by HPLC or an ethyl acetate extract of the supernatant is prepared and 
analyzed by HPLC. The cell pellet is extracted with ethyl acetate and the extract analyzed 
10 by HPLC. Alternatively, the spent medium, containing the Streptomyces roseosporus cells 
may be extracted directly as follows. 1 ml of the spent medium with cells is transferred to a 
2 ml microfuge tube for extraction. An equal amount of organic extraction solvent, ethyl 
acetate is added to the microfuge tube and the tube is horizontally shaken for 30 min. The 
microfuge tube is centrifuged at 14,000 rpm for 5 minutes at which time 0.75 ml of the 
15 organic fraction is transferred to a new 2 ml microfuge tube, dried in an evacuated 
centrifuge with medium heat, approximately 40 °C, and then analyzed using a Beckman 
System Gold HPLC with a reverse C 1 8 column. 

Cell biomass for each culture of Streptomyces roseosporus is determined as follows. 
The remaining spent medium with cells is centrifuged at 4,000 rpm for 10 minutes. The 
20 supernatant is discarded and the remaining pellet is resuspended in 40 ml of distilled water. 
The cell suspension is centrifuged again. The cells are resuspended in distilled water and 
harvested by filtering the cell suspension through Whatman #1 filter paper. The filter paper 
with cells is then baked in an oven at 80°C overnight and the dry biomass weighed. 

Cells are cultured as outlined above and a 1 ml culture samples is extracted with an 
25 equal volume of the solvent ethyl acetate (HPLC grade). The effect of 1 , 3 and 5 % (v/v) 
DMSO on the production of daptomycin is analyzed by HPLC using a zorbax SB C lg rapid 
column (4.5 x 15 mm.) using a gradient of H 2 0 and CH 3 CN from 80:20 to 0:100 within 5 
minutes (lml/min). Cells are also grown in the absence of DMSO and analyzed as above, 
for comparison of the effects of DMSO on daptomycin production levels, component 
30 profile, and for detection of new components that may be novel secondary metabolites 
elaborated by Streptomyces roseosporus. Authentic standards of daptomycin are also 
chromatographed for comparison. 

The invention is not to be limited in scope by the specific embodiments described 
35 which are intended as single illustrations of individual aspects of the invention, and 
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functionally equivalent methods and components are within the scope of the invention. 

t 

Indeed, various modifications of the invention, in addition to those shown and described 
herein will become apparent to those skilled in the art from the foregoing description and 
accompanying figures. Such modifications are intended to fall within the scope of the 
5 appended claims. 

All references cited herein are incorporated by reference herein in their entireties for 
all purposes. 


10 


15 


20 


25 


30 


35 
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What is claimed is: 

1 . A method for improving a production level of a secondary metabolite, 
comprising culturing at least one organism' in a nutrient medium, wherein the at least one 

5 organism synthesizes an amount of at least one secondary metabolite, and wherein the 
nutrient medium comprises an amount of at least one organic additive sufficient to increase 
the production level of the secondary metabolite relative to that in the absence of the at least 
one organic additive. 

10 2. A method for enhancing a component profile of secondary metabolites, 

comprising culturing at least one organism in a nutrient medium, wherein the at least one 
organism elaborates a component profile of secondary metabolites, and wherein the nutrient 
medium comprises an amount of at least one organic additive sufficient to enhance the 
component profile of secondary metabolites relative to that in the absence of the at least one 

15 organic additive. 

3. A method for identifying a novel secondary metabolite, comprising culturing 
at least one organism in a nutrient medium, wherein the nutrient medium comprises an 
amount of at least one organic additive sufficient to enhance a component profile of 

20 secondary metabolites, wherein the novel secondary metabolite is identified in the 
component profile relative to that in the absence of the at least one organic additive. 

4. The method of claim 1, 2, or 3, wherein the organic additive is present at a 
concentration of between about 0.1% and about 10 % v/v. 

25 

5. The method of claim 1 , 2, or 3, wherein the organic additive is present at a 
concentration of between about 0.5% and about 7.5 % v/v. 

6. The method of claim 1, 2, or 3, wherein the organic additive is present at a 

30 concentration of between about 1 % and about 5% v/v. 

7 . The method of claim 1 , 2, or 3, wherein the organic additive is an organic 
molecule having a molecular weight of less than about 250, wherein the organic molecule 
comprises at least one heteroatom selected from the group consisting of sulfur, oxygen, and 

35 combinations thereof. 
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8. The method of claim 7, wherein the organic additive is a lower alcohol 
selected from the group consisting of methanol, ethanol, propanol, isopropanol, butanol, 
n-butanol, iso-butanol, t-butanol, amyl alcohol, iso-amyl alcohol, and combinations thereof. 

5 9. The method of claim 1,2, or 3, wherein the at least one organic additive is 

selected from the group consisting of dimethyl sulfoxide, ethanol, dimethyl sulfone and 
combinations thereof. 

10. The method of claim 1, 2, or 3, wherein the organic additive is dimethyl 

10 sulfoxide. 

1 1 . The method of claim 1 , 2, or 3, wherein the organic additive is ethanol. 

12. The method of claim 1, 2, or 3, wherein the organic additive is dimethyl 

1 5 sulfone. 

13. The method of claim 1 , 2, or 3, wherein the at least one organism is cultured 
in a process selected from the group consisting of batch fermentations, fed-batch 
fermentations, continuous fermentations, co-synthetic fermentations, mutasynthetic 

20 fermentations, immobilized-cell fermentations, fermentations on semi-solid media, and 
combinations thereof. 

14. The method of claim 1, 2, or 3, wherein the at least one organism comprises 
a recombinant organism. 

25 

15. The method of claim 1 , 2, or 3, wherein the at least one organism comprises 
a bacterium. 

1 6. The method of claim 1 5, wherein the bacterium belongs to the family 

30 Actinomyces. 

17. The method of claim 16, wherein the organism belongs to a genus selected 
from the group comprising Streptomyces, Actinomadura, Actinoplanes, Actinosporangium, 
Actinosynnema, Ampullariella, Chainia, Dactylosporangium, Kibdelosporangium, 

35 Kitasatosporia, Kitasatoa, Microellobosporia, Micromonospora, Microtetraspora, 
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Nocardia, Nocardiopsis, Pseudonocar dia, Rhodococcus, Saccharomonospora, 
Saccharopolyspora, Streptoalloteichus, Streptosporangium, Streptoverticillum, 
Thermoactinomyces , and Thermomonospora. 

5 1 8. The method of claim 17, wherein the organism belongs to the genus 

Streptomyces. 

19. The method of claim 17, wherein the organism is selected from the group 
consisting of Streptomyces hygroscopicus, Streptomyces halstedii, Streptomyces erythrae, 

10 Saccharopolyspora erythrae , Streptomyces mediterranei, Streptomyces aureofaciens, 
Streptomyces venezuelae, Streptomyces spheroides, Streptomyces cinnamonensis, 
Streptomyces albus, Streptomyces caespitosus, Streptomyces avermitilis, Streptomyces 
parvulus, Streptomyces antibioticus, Streptomyces azureus, Streptomyces griseus, 
Streptomyces clavuligeris, Streptomyces lavendulae, Streptomyces lincolnensis, 

1 5 Streptomyces curacoi, Streptomyces fradiae, Streptomyces rimosus, Streptomyces peucetius, 
Streptomyces lividans, Streptomyces sp. (ATCC accession number 55656), and 
Streptomyces roseosporus. 

20. The method of claim of claim 1 5, wherein the organism is selected from the 
20 group consisting of Pseudomonas , Bacillus, Myxococcales, Rhizobia, and Cyanobacteria. 

2 1 . The method of claim 1 , 2, or 3, wherein the organism is a fungus. 

22. The method of claim 21 , wherein the organism belongs to a genus selected 
25 from the group comprising Penicillium, Cephalosporium, Taxomyces, Monascus , 

Heterobasidion, Genisculosporium, Byssochlamys and Aspergillus. 

23. The method of claim 1 , 2, or 3, wherein the organism is a lichen. 

30 24. The method of claim 1 , 2, or 3, wherein the organism is a plant. 

25. The method of claim 24, wherein the plant belongs to a genus selected from 
the group consisting of: Catharanthus, Perilla, Taxus, Curcuma, Hevea, Pinus, 
Eschscholzia, Hypericum, and Brassica. 



WO 01/73096 PCT/US01/40398 

i 

i 

26. The method of claim 1 , wherein the at least one metabolite comprises 
tetracenomycin. I 


27. The method of claim 1 , wherein the at least one metabolite comprises 
5 chloramphenicol. 


28. The method of claim 1, wherein the at least one metabolite comprises 
thiostrepton. 

29. The method of claim 1 , wherein the at least one metabolite comprises a 

taxane. 


30. The method of claim 1, wherein the at least one metabolite comprises taxol. 

3 1 . The method of claim 3, wherein the nutrient medium is semi-solid. 


32. A medium for improving a production level of a secondary metabolite 
comprising culturing at least one organism in a nutrient medium, wherein the at least one 
organism synthesizes an amount of at least one secondary metabolite, and wherein the 
20 nutrient medium comprises an amount of at least one organic additive sufficient to improve 
the production level of the at least one secondary metabolite relative to that in the absence 
of the at least one organic additive. 


33. A medium for enhancing a component profile of secondary metabolites 
25 comprising culturing at least one organism in a nutrient medium, wherein the at least one 

organism elaborates a component profile of secondary metabolites, and wherein the nutrient 
medium comprises an amount of at least one organic additive sufficient to enhance the 
component profile of secondary metabolites relative to that in the absence of the at least one 
organic additive. 

30 

34. The method of claim 32 or 33, wherein the organic additive is present at a 
concentration of between about 0.1% and about 1 0 % v/v. 

35. The method of claim 32 or 33, wherein the organic additive is present at a 
35 concentration of between about 0.5% and about 7.5 % v/v. 
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36. The method of claim 32 or 33, wherein the organic additive is present at a 
concentration of between about 1% and about 5% v/v. 

37. The method of claim 32 or 33, wherein the at least one organic additive is 
5 selected from the group consisting of dimethyl sulfoxide, ethanol, dimethyl sulfone and 

combinations thereof. 

38. A method for isolating a novel secondary metabolite comprising : 

(a) culturing at least one organism in a nutrient medium, wherein the at least 

1 0 one organism elaborates a first component profile of secondary metabolites; 

(b) culturing the at least one organism in the nutrient medium, wherein the 
nutrient medium further comprises an amount of at least one organic additive 
sufficient to enhance a component profile of secondary metabolites, wherein the at 
least one organism elaborates a second component profile of secondary metabolites; 

1 5 (b) comparing the second component profile to the first component profile, 

thereby identifying at least one novel component in the second component profile, 
wherein the novel component comprises at least one compound; and 
(d) purifying the at least one compound. 

20 39. A method for detection of secondary metabolites, comprising culturing at 

least one organism in a nutrient medium, wherein the at least one organism elaborates at 
least one secondary metabolite, and wherein the nutrient medium comprises at least one 
organic additive sufficient to provide detection of secondary metabolites relative to that in 
the absence of the at least one organic additive. 

25 

The method of claim 1 , wherein said organism is Streptomyces roseosporus. 

The method of claim 40, wherein said secondary metabolite is daptomycin. 

The method of claim 2, wherein said organism is Streptomyces roseosporus. 

The method of claim 42, wherein said component profile of secondary 
metabolites comprises components of the A-21978C antibiotic complex. 
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44. The method of claim 43, wherein said component profile of secondary 
metabolites comprises daptomycin. 


5 


45. The method of claim 3, wherein said organism is Streplomyces roseosporus. 

46. The method of claim 45, wherein said component profile of secondary 
metabolites comprises daptomycin. 
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